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PHYSICAL AND OPERATIONAL CHARACTERISTICS OF REACTOR SM-2
S.M, Feinberg, N.A, Dollezhal, E.D. Vorobyov, V.A.Tsikanov,
I.Y. Emelyanov, V.M. Gryjazev, A.S. Kochenov, Y.M. Bulkin,
V.I. Ageenkov, P.G, Averjanov

Introduction
The reactor SM-2 is designed for carrying out various scientific

investigations in the field of nuclear physics, solid-state physics, phy-
gsical metallurgy, radiation chemistry, reactor physice and engineering
and many others,

The reactor core is g parallelepiped measuring 42x42x25 cm3 with an
inner cavity of 14x14x25 cm3 which serves as a neutron trap. The corners
of the parallelepiped measuring 7x7x25 cm3 are occupled by the shim
rods. The core is formed by 7x7x25 cmeuel asgemblies and is surrounded
by a reflector made from berillia blocks interspaced by water. The fuel
assembly containg 54 plate-type fuel elements, 0.8 mm thick, separated
by 1.65 mm spaces filled by water.

To carry out experimental work the reactor is provided with 5 hori-
zontal, 1 slanting and 18 vertical channels. The physical characteris-
tics of the reactor and its main parameters were described in Ref.l, its
main constructional features, in Ref,2. The reactor SM-2 is the first
research reactor in the world using intermediate neutrons and water
moderator,

The construction of the reactor was completed in 1961, The physical
start-up was effected in Octover, 1961l. Since November 1062 the reactor
has been operating at rated parameters,

The maximum power achieved in the reactor is 55 MW,

During the time the reactor was operated at decreased power and, es-
pecially, during operation of the reactor at rated parameters a large
programne of research was carried out including the study of the reactor
itself and of its meparate parts and irradiation of various substances
in the experimental channels,

Besides, operation of the reactor during this time has made it pos—
gible to sscertain the performance characteristics of its main elements.

The idsa to construct the research reactor SM-~2 employing interme-
diat# acusrons ag well as the design of the reactor were suggested by

S« Feinberg who was also in charge of the entire work involved in the
construction of the reactor, The reactor construction was worked out

25 YEAR RE-REVIEW,
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under the guidance of N,A. Dollezhal and Y.M, Bulkin, The experimental
resgearch at the initial stage of the project was performed by E.D.
Borobjov, V.,B. Klimentov and V.M. Grjazev., Some physical calculations
were made at this stage by I.K. Levinal and N.Y. Lashchenko who pre-
paredthe mathematical programme of reactor calculation in P1 approxi-
mation, At the second stage of the project the experimental investi-
gation of the reactor physics was continued with collaboration of
VeA, Tsikanov and others., V.A. Tsikanov who was the closest asgsistant
of the scientific advisor of the project contributed an apprecigble
share to the development of the technological scheme of the reactor
and supervised the consiruction and operation of the reactor at the
last stage. The control and safety system of the reactor was developed

under the guidance of I.Y. Emeljanov. Beginning from the second stage the
physical calculations were mainly done by A.S. Kochenov., V.,I. Ageenkov
suggested the construction and the manufacturing techniques for the
fuel elements of the reactor core., P.G.Averjanov and other members of
the operational staff took an active part in mastering the operation
of the reactor SM-2,

The development, construction and operation of the reactor SM-2
were carried out with the participation of a large team of resear-
chers, designers, engineers and workers to whom the authors express
their deepest appreciation,

Chapter 1. Physical Characteristics of the Reactor

The linear dimension of reactor SM-2 are commensurate with the
neutron migration length, the reactor core and the reflector have
complex geometry., Therefore when designing the reactor it was rather
risky to relay completely on the physical calculatior and the main
emphasis was placed on the experiments.

The initial experiments were described in Ref.l. These mainly
included the experiments with homogeneous cores containing construc-
tional materials in addition to the uranium and moderator. The number
of critical experiments with circular cores and water reflector was
insufficient, Due to uranium shortage it was not possible, during
these experiments, to introduce the required amount of constructioral
materials into the core., Several critical experiments were made with
a homogeneous core and beryllia reflector which covered only a small
part of the side surface of the core.

On the basis of this apperently incomplete information it was
expected that the critical charge in the reactor  SM-2 would be
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within 6.8 - 7.3 kg. The loss of reactivity due to the experimental
channels was disregarded., However, the subsequent experiments which
conipletely simulated the core and the reflector of the reactor SM-2
showed that the critical charge was much larger.

The experiments were accompanied by the development of a suitable
computation technique, It was established that the calculation cur-
ried in P, approximation (12 energy groups) (1] of the neutron flux
distribution over the core and the central water cavity is in good
agreement with the experimental data. However, the value critical
charge is in good agreement with tle experimental data only in the
case of one-dimensional geometry of the core and reflector, It became
obvious that the physical calculstion of some core configurations
could be made only in two-dimensional approximation,

The calculation of the neutron spectrum in the core indicated
that the bulk of neutrons (approx. 90%) are absorbed at energies be-
low 10 eve The age of thermsl neutrons is 35 cm2 while the energies
within 10 - 0,1 ev account for as little ag about 2 cm2. Therefore
the neutron leakage from the reactor is determined by energies higher
than 10 ev,

Owing to this the following two-group model is suitable for
neutron-physical calculation: fast neutrons are not absorbed but
undergo considerable migration; only slow neutrons (with energies be-
low 10 ev) whose migration is small are absorbed.

The mathematical programme used for solution of reactor equations
in two-group two-dimentional approximation is described in Ref.3.

The reactor calculations were made both for the plane and cylind-
rical geometries, In the plane geometry the neutron leakage in the ver=—
tical direction was accounted for by assuming that the group cross-
sections of absorption éi are equal to

. éi=§:+aejl:>; (1)

where i absorption cross~section of the i-th group in
infinite medium;
Di dif%‘\usion coefficient of the i-th group;
% - (7z7)
H - core height;
o’ - reflector saving.
The neutron leakage through the vertical gas channels was account-
ed for in the following manner: all macroscopic sections within the
channel were assumed 1o be zero and the coefficient of diffusion

. Aproved For Release 2009/08/17 : CIA-RDP88-00904R000100100021-7



Apprved For Release 2009/08/17 : CIA-RDP88-00904R000100100021-7 .

where dr -~ the hydraulic diameter of the gas channels;

tri - transport length of the i-th group in the space

surrounding the channel,

The effect of the horizontal channels on the reactivity was ac-
counted for by means of experimental corrections,

In cylindrical geometry only the neutron flux distribution along
the reactor height was calculated, The effect of the experimental
channels was not consildered,

A two-group two-dimensional analysis was used to celculate the
reactivity for the coree of various configurations, the reactivity
worths of the shim rods, changes of the reactivity due to the burn-
out of U-235, distribution of the fast and slow neutron fluxes, The
-caleulations show satisfactory agreement with the experiments,

1. Critical Charge

The critical charge was investigated far various core configura-
tions: with a central water cavity, with a beryllium inserts installed
in the water cavity, with a central caviiy filled with beryllia,etc,

The experiments were carried out on a special physical installa=-
tion and directly inside the reactor vessel. The criticality was
reached by gradually filling the preassembled core with water, The
results of some experiments which aimed at finding the critical charge
of the reactor are given in Table I.

The critical mass of the real sys-<eu with a central water ca-
‘wity without experimental channel was found to be equal to 11 kg
agalnst the expected value of 6.8 - 7.3 kg mentioned above.

" The experimental channels increase the critical mass to 13.5 kg.
To decrease the value of critical masg beryllium inserts were instal-
led into the neutron trap which lowered the critical mass to 8.6 kg
end to 11,2 kg without and with experimental channels, respectively.

The two-group two-dimensional physical anealysis gives somewhat
decreaded values of critical charge. However, the discrepancy with
the experimental data does not exceed 10%,

Table II shows the values of reactivity which appears as a
result of replacement of a beryllia assembly by the fuel assembly
for the core configuration shown in Fig.9,g,.

As would be expected these results indicate that the effect of
the fuel assembly on the reactivity depends on the core configuration,
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on the location of the assembly and on the presence of experimentsl
channels near the assembly.
2« Reactivity Control

The worths of the control rods were found by the reactar riding-
up period, The reactivity was calculated by the inhour formula.

On the basis of special calculations the ratio f—'ﬂ wag adopted to
be equal to l.4 for the core consisting of 20 assemblies or to 1.3
for the core consisting of 28 assemblies.

The worth of the shim rods located at the carners of the core
for three core configurations is shown in Table III,

The tabular data indicate that the reactivity of four shim
rods is equal to about 4.5% No interference between the rods has
been detected. IHowever, this was not sufficient for normsl opera-
tion of the reactor. Therefore to augment the control and safety
gystem four safety rods were placed in the beryllium inserts instal-
led inside the neutron trap in addition to four shim rods, The
safety rods consist of a beryllium expeller and cadmium tube (1 cm
dla,) filled with water. During operation of the reactor the ab-
sorbing part of the safety rods is located above the core and, con-
sequently, does not perturd the neutron flux., The worth of one
rod ig 1%, Considering the interference the worth of four rods is
equal to 2.8%.

It was found that four shim rods installed inside the reflector
mass had low reactivity., Therefore they were removed from the reac-
tor and the channels were released for experimental purposes.

The total reactivity of the shim and safety rods with 28 fuel
assemblies loaded into the core is 6,6%.

3. Effect of Experimental Channels on Reactivity

The effect of experimental channels on the reactivity was stu-
died on a physical experimental installation, It has been estab-
lished that the materials with a small absorption crosa-section
(aluminium, lead, beryllia, beryllium), loaded into the water-~filled
central channel increasel the reactivity. Beryllium ancé beryllia are
especially effective in this respect. Thus, for example, the beryl-
lium inserts installed in the neutron trap between the central chan-
nel and the core, raise the reactivity by ~5%.

Six 1 cm. dia. cylindri-2l slugs of 2% enrichment with a total

320
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U-235 loading of 18 gr. uniformly arranged over the cross-section of
the central channel raise the reactivity by ~1%. Ten plate type fuel
elements of the reactor SM-2 spaced by 2.45 mm bring the reactivity

up by ~2%.

The effect produced on the reactivity by various materials placed
in the peripheral vertical and horizontal channels is illustrated in
Tables IV and V., The tabular data are given for core configuration
ghown in PFig.9,g. '

Distant peripheral channels produce no appreciable effect on the
reactivity.

The total reactivity loss due to the presence of experimental
channels in the external reflector amounts to ~ 4%.

4, Spatial-Energy Distribution of Neutrons

The experimental study of the neutron spectrum and the spatial dis-
tribution of the neutron flux within the reactor volume was made with
the help of small-gize pulse chambers containing U-235 and also with
uraniuam, indium and gold indicators., The diameter of the fission cham-
bers (l.4 mm) made it possible to make the measurements in the gaps
between the fuel plates, The accurate shifting and registering of the
fission chamber were accomplished by means of a special measurement
bridge, The fission density of U-235 in the experimental channels was
measured by means of chambers with a large diameter (up to 5 mm),

The results of measurements of Q=fq°(u)ol(u-)°lu are shown in Fig.l.

The solution of the kinetic equation points out to considerable
blocking of the neutron flux in the fuel ..ements, The ratio of the ma-
ximum velue in the water space QHO to the average value in the fuel
element core le is equal to about 1.3. The ratio Qt/le (where Qt
corresponds to the maximum flux in the trap) makes it possible to re-
late the maximum flux of thermal neutrons to the specific power of the
reactox; therefore ratio Qt/le rather than Qt/QHO is of prime
interest.

Fig.l gives the calculated curves of the fission density distribu-
tion megsured by a chamber with U-235, The dots show the results of the
experiment in the neutron trap multiplied by 1,3,

The experimental data indicate that the non-uniformity of heat
release in the core is ~3.

The radial density distribution of epicadmium neutron activation
ag well as cadmium ratios for indium and gold are shown in Fig.2, The
experiments were made with 0.1 gr/cm2 thick indium indicators and

0.2 gr/cm2 thick gold indicators,
320 -6 -
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The neutron fluxes were calculated in various approximations. The
spacial-energy distribution of slowing-down neutrons and the fission
density curves measured with U~235 chamber were calculated in Pl
approximetion,

The fission density curves were also calculated in a two-group
two~dimensional approximation.

The spectrum of slow neutrons for a homogeneous medium was cal-
culated w:Lth Bhe help ) qugtipn 2

e r JLE e ’jz,(zvmxz«mua)
where = IT‘I‘ T - temperature of the medlum
és (Z) - macroscopic scattering cross-section
ém (Z) - macroscopic absorption cross-section
'E’. - mean logarythmic energy loss at neutron scatter-

ing on a free stationary nucleus;f»half ratio.. of
mean logarythmic square of energy loss to mean
logarythmic energy loss at neutron scattering
on a free gtationary nucleus.

Equation (3) was solved on electronic computer M-20 on the assump=-
tion that 2/5 = const. and /’=l. The law of absorption cross-section
variation with energy was adopted in accordance with the absorption
crogs=gsection in U-235, The neutron spectrum was calculated for energies
from O to 2 ev. Simulteneously, the slowing-down flux was calculated
along the energi axis X(E), which is equal to the portion of the
neutrons absorbed belgw the glven energy, l.ee.

()__ . qoa/E
Jo/s o{f (4)

The temperature ‘of the medium was assumed to be 50°C.

The energy dependence of the neutron flux P (2) and the slowing=-
down flux along the energy axis is shown in Fig. 3.

The theoretical U=235 cadmium ratio is equal to 2.44 for capture
and 2.47 for fission. The experimental value of the U-235 Cd ratio
for fission in the core centre varies within 1,5 - 2,1,

The measurements of the fission density distribution in the ex-
perimental channels was conducted in a system shown in Fig.9,g. The
vertical channels Nos 2,3,4,5,6,7 %%horizontal channels Nos.l,2,3,4,
5, were filled with air, verticalvNos.l,8,9,10,11,13,14,15 were filled
with water. The fissgion demsity distribution far U-235 in height was
measured in vertical chammels Nos.4,12,14 and 15. The results of the
meagurements are shown in Fig.4.

The data on the fission density of U-235 in the vertical channels

-7 -
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at the level of the core centre are summarized in Table VI, During the
measurement all four shim rods were inserted into the core up to their
centre.,

Of much interest is the neutron flux distribution in the central
water cavity when various amounts of fissionable materials are brought
into the cavity. This was investigated by carrying out a series of
measurements the results of which are showmn in Fige5.

Fuel plates of the reactor SM-2 were installed in the channel at
various spacings. As shown by the Chart the installation in the chan-
nel of 14 plate-type fuel elements spaced by 2,45 mm reduces the ther-
mal neutron flux about 20-fold.

The neutron spectrum in the vertical channels was meassured by
activating threshold indicators (Au, In, Mg, Ti, Fi, Al). Fig.6 shows
the neutron spectrmums for several channels.,

5., Steady-State Poisoning of the Reactor with Xenon-135

The data on the steady-state poisoning of the reactor with
xenon-135 are given in Table VII,

The poisoning was calculated by the formula

7, (G l)wPlE
p=gr
7 A+ Y6 PdE (5)
where ﬁ-i-ﬁ = 0,064~ the total fission yield of iodine and xenon
Ay = 2,09 x 10?sec i~ the decay constant of Xe-135

The formula (5) corresponds to the following approximations:

1) The nuclear density of Xe-135 is considered to be constant
throughout the core and equal to some value corresponding to the
average fission density.

2) Importance of slow neutrons is also constant throughout the core.

3) It ie assumed that the spectrum of slow neutrons throughout
the core is the same gs inside the core. '

In the actual fact, however, a neutron flux flash-up is present
at the boundary of the core and the neuclear density of xenon in these
places may considerably differ from the average value, Besides the
importance and spectrum of slow neutrons in these: places will differ
from the corresponding values in the core mass, These boundary effects
were accounted for in accordance with the perturbation theory. The
change of the reactivity caused by the reactor poisorning was calculated

by the formula é..& - GP
K =

(6)

Where 6 -the portion of the neutrons absorbed in the uranium,
wTable 7 shows that the reactivity of poisoning measured at a power

-8~

3

B Approved For Release 2009/8/17 : CIA-RDP88-00904R000100100021-7



B Approved For Release 2009/08/17 : CIRDP88-00904R000100100021-7

- -

of 28,0 MW exceeds that at a power of 33.7 MW,

This contradiction brings out the imperfection of the experimen-
tal technique for the reactivity measurement and shows that the measure-
ment error is am large as 0.25%. ‘

At a power of 50 MW the Xe-135 poisoning is close to the limit..
ing value and is equal to 2= =~ 4%,

K

6 Uranium Burn-up and Reloading of Assemblies

During reactor operation the reactivity decreases at a rate of
2.2 x 10'4%/Mwm:'. The two-group two-dimensional analysis of the reac-
tivity changes made on the assumption of a uniform uranium burn-up
within one assembly gives the result of (l.7-2.3) x 10'4%/MWhr.
The same analysis indicates that the replacement of core assemblies
uniformly burnt out to 12.5% in the inner row of the core by new as-
semblies increases the reactivity by l.3%, similar replacement in the
outer row gives a reactivity increase of 1%. With the burnups asg
large as 25%, these values are equal to 2.8% and 2%, respectively.

7. Temperature Coefficient of Reactivity

The experiments carried out to find the effect of temperature on
the reactivity indicate that the reactivity monotonically decreases
a8 the water of the first circuit is heated at constant temperature
of the water in the central channel, Conversely, the reactivity in-
creases when the water in the central channel is heated and the tem-
perature of the water in the first circuit remains constant,., When
the water in the core and in the central cavity is heated simul-
taneously, the reactivity increases at up to ~30% and then dropse.
The results of these experiments are illusirated in Fig.7.

8, Distribution of Uranium within Assembly

One of the most complicated problems with reactors of the SM-2
type is the correct distribution of the uranium at the core boundary.

The experiments made on the fuel elements of the reactor SM-2
has shown that the fuel elements can operate at heat flux above
1O7Kcallm2hr which exceeds two-fold the maximum heat flux in the
reactor. Therefore, the distribution of the uranium in the core aims
st increasing the average bdurnup rather than at decreasing the heat
flux,

The calculations show that unless the uranium loading in the as-
gemblies is properly distributed the average burnup of the uranium
in the assembly unloaded from the core is 5K, smaller than the per-

missible value (K,= 1.3 - the non-uniformity coefficient of heat
320
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release along the core height.) This means that, for example, if the
permissible burnup is 35%. the average burnup will not exceed 6%.

The uranium distribution adopted in the project (the first plate
contains 1/3 of uranium, the second 2/3, the third and all subsequent
plates, 1) has enabled the burnup to be increased about 1.7 times.
This is due to the fact that the first plate having the full uranium
charge is the third from the inner boundary of the core where the
neutron fluxes are smaller. The plates with a lower uranium content,
i.e, with a larger permissible burnup are arranged in the region of
higher fluxes,

New distribution (0.25, 0.4, 0.6, 0.8, 1.0) introduced in the
course of reactor operation permitted the average burnup to be in-
creased 2.5 times as compared to assemblies with uniformly distributed
uranium,

All burnup data given above refer to a core without beryllium
inserts, The provision of the beryllium inserts in the neutron trap
somewhat decreases the neutron fluxes on the inner boundary and raises
the average burnup about 1.3 times,

Theref :+e the measures that were taken have made it possible to
bring the average burnup closer to the permissible one by more than
3 times, However, the difference between the average and permissible
burnup is still as large as ~2.

The non-uniform distribution of uranium within the block raises
the critical charge. However, the charge increases at a slower rate
than the average burnup. Thus, for example, the distribution provided
for by the project increased the critical charge by about 5% and new
distribution, by about 10%. Consequently, proper non-uniform distri-
bution is warranted from the standpoint of uranium consumption, As the
uranium is spent the masimum heat flux slowly decreases in value and
shifts in the direction of the core mass, Therefore to find the
correct distribution the burnup processes at the core edge must be
analysed in time., The complete solution of this problem is yet to
be found.

FPig,8 shows the redistribution of the thermal load in the fuel
element at the edge of the core far the uranium distribution provided
for by the initial project.

Chapter II
OPERATIONAL CHARACTERISTICS OF REACTOR
1. Fuel Elements

According to the project the fuel elements of the reactor were to

operate at thermal loads of (5—6)x_106Kca1/m2hr. The attainment of such
320 —10 -
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thermal 1of“;pupr%\fg ngsteslt?ag%rangement 0 plate-type tuel elements in the

reactor core (the thicknesa of the fuel element is O.8 mm, the thick-
ness of the water aspace, 1,6 mm) have made it possible to obtain a high
specific load in the core (q=1600 - 1700 kW/1it.;q™®%z 4590 wy/114,).
Though the heat engineering calculations indicated that the fuel ele-
ments could operate at such high thermal loads the posgibility of at-
tainment of such loads was generally doubted., Besides, it was necessa-
ry to check the possible burnup fraction of U-235,

Only the experiment could give the answers to all these questions,
Therefore before attempting to operate the reactor at the rated power
the fuel elements were tested in channel No.I at a themmal load of
6::106 Kcal/nizhr to the maximum U-235 burnup of 28%. The total number of
the plate fuel elements tested during the experiment was only six.,
During operation of the reactor at the rated power the thermal load of
6x106Kcal/m2hr was achieved simultaneously on a large number of the
fuel elements while the maximum burnup of U-235 within the reactor core
reached, with some fuel elements, as much as 35% and even more,

During reactor operation two fuel assemblies with the U-235 burnup
of 2-3% were extracted from the core because of the suspicions as to
their hermetical sealing. The small burnup is indicative of the defec-
tive sealing, To find out whether it was possible to increase the ther-
mal load, the plate fuel elements were tested for the burnup of U-~235
at a thermal load of (1O-ll)x_'|.06Kcal/m2hr. In these experiments the ma-
ximum burnup was as large as 30%. The tests show that the thermal load
on the surface of the fuel elements can be increased two times as com-
pared with the value stipulated by the design and only in this way more
intensive neutron fluxes can be obtained in the reactor,

Therefore, the reactor operating experience and the experiments
proved the serviceability of plate fuel elements for intermediate~neut-
ron reactorsoperating at high thermal loads.

2. Control and Safety System

After installation of additional rods during the prestart prepara-
tions the control and safety system of the reactor was capable of pro-
viding the necessary reactivity margin allowing for the loading of ad-
ditional fuel assemblies to compensate for the burnout of U-235,

During reactor run the safety system provided complete ensurance
of safety, the false operations of the system were rare,

There were no major faults in the electronic instruments and elect-
ric circuits comprised in the safety system, power measurement and auto-
matic control systems, As a result of preventive and routine mainte-

nance the system was constantly kept in a serviceable condition,
320 After certain improvements were introduced during the start-up
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period the hermetic actuators of the control rods mounted on the reactor
cover operated without any malfunctions during the entire service period,
In the course of reactor service a minimum of preventive maintenance ope-
rations were carried out including the regular measurement of the insula-
tion resistance of electric coils and the checking of adjustment of
control units,

Hydraulic actuators were installed to drive four safety rods ar-
ranged in the neutron trap. In the course of service the actuators operat-
ed trouble-free and required only periodic adjustment of the signalling
system,

3, Data on Stability of Various Structural Parts of the Reactor

The problem of material stability is especially important for a re-
actor with & high neutron flux, In view of this the construction of such
a reactor must provide for the maximum replaceability of parts.

In the course of development of the reactor SM-2 the problem of se-
lection of the material for the reflector has many times come under pro-
longed discussions. However, no experimental data were available on the
irradiation by a high integral neutron flux to make the final solution,
It was decided to use the beryllia as the first version. In the course
of reactor operation the condition of the beryllia is checked by taking
the samples from the replaced assemblies and from the shanks of the
gshim rods. The checking is done within integral fluxes from 1020 to
1022n/cm2 for fast neutrons (E=1Mev). The measurements show that
1022n/cm2 is a limiting value of the integral flux for the beryllia.

Therefore at present the replaceable beryllia assemblies are sub-
stituted by the assemblies made from metal beryllium.

The effect produced by a fast neutron flux on the beryllia layers
in the non-replaceable reflector is not so great and the comstruction of
the reflector incorporates provisions against destruction of the beryllia
blocks.

The other highly essential reactor parts operating under severe
conditions are the cans of the horizontal channels which pass through the
gide reflector up to the edge of the core. The bottoms of these cans
are irradiated by a fast-neutron flux of 5 x 1Ol4n/cm25ec and by J’-rays
from the core. Besides they have to stand up to an external pressure
of 50 kg/cmz.

Lengthy operation of the cans results in the considerable radiation
damage of the material of their walls. This damage can be kept within
permissible limits by periodically replacing the cans, The possibility
of such replacement is provided for by the construction.

320 ~12 =~
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4 Operation of Accessory Equipment

During reactor service the entire equipment of the cooling cir-
cuite and accessory systems operated without any malfunctions. The
pumps of the primary and secondary cooling circuits, heat-exchange
equipment and cooling tower ensured the diversion of the reactor
heat in any season of the year,

The accessory equipment of the experimental circuits likewise
operated without any troubles.

Conclusions

The operation of the reactor SM-2 has confirmed the correctness
of the main physical and engineering ideaa incorporated in the design
project:

1. A thermal-neutron flux of about 2.5 x 1015n/cm23ec. was N
reached in the trap at a power of 50,000 kW.

2+ The fast-neutron flux with an energy above 1 Mev in the core
exceeded 1015n/cm29ec.

3. A maximum thermal load of 4.5 x 103kw per one litre
was attained in the core at the non-uniformity coefficient over the
core of about 3.

4, The fuel elements remained completely serviceable at a thermal
load of 6 x 106Kcal/m2hr, which is a record-breaking one for the
reactor engineering; the operating experience has shown that this
load can be doubled., In this case the permissible burnup fraction
exceeds 35%.

S. The main engineering assemblies of the reactor-cooling system,
reloading system, control and safety system, etc., proved to be
completely serviceable,

At present a project is being developed to increase the reactor
power ., No changes will be made in the reactar vessel, main circuit,
auxiliary systems and structures. The reactor power is to be in-
creased from 50,000 kW o 100,000 kW, The core is to use the fuel ele-
ments manufactured according to the technology which wasg developed
and tested before, The core height is to be increased to 40-50 cm.
The BeQO reflector is to be replaced with the reflector made from
metal beryllium; the reflector will consist of separate: replaceable
blocks. To increase the thermal-neutron flux in the horizontal chan-—
nels water cavities are to be provided in the direct vicinity to the _

horizontal channels,
The increase of the power of the reactor SM-2 will make it

possible to: 320
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1. Raise the thermal neutron fluxes in the trap to (5-8)x1015n/cm2
sec (depending on the number of the samples irradiated in the core)

and fast-neutron fluxes (at energies exceeding 1 Mev) to Zﬂolsn/cmzsec.
2. Irradiate the samples in the "hard" spectrum of the core.
3. Increase the average burnup of U-235.
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Table 1
Critical Masses for Various Configurations of the Core:

:Core confi-:Number: Weight.
Condition of channels :guration :of as-: of U=-235,
: kg

shown :sembi):

Reactivity, %

= Type of system Experiment :Theoretical

:in Fig.9 :lies

Be0 assembliea are Channels are open a 13 8.6 (o}
installed in cent-
ral cavity

Central cavity is Vertical channels are
filled with water closed by BeO plugs
Pb plug is placed in ho-
rizontal channel III
BeO plug is placed in ho-
rizontal channel V b 20 13.2 0.5 1.8

Central cavity is Vertical channels are
filled with water closed by BeO plugs
Pb plug is placed in
horizcontal channel IIX
BeO plug is placed in

-G

horizontal channel V c 20 13.2 ¢ let
Central cavity is Channels are open d 21 13.9 0.7 O.SXX)
filled with water
Central cavity is Channels are open e 22 14,5 0.7
filled with water ’
Central cavity ac- Channels are open £ 18 11.9 1.0

commodates water
and Be inserts

Notes: x)The system becomes subcritical when the number of assemblies in reduced by one.,
xx)The reactivity has been calculated for a 20-assembly system.
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Table 1I

Reactivities Appearing as a Result of Replacement of
BeO Asgembly with Fuel Assembly (see Fig.9,g)

Cell A2 A5 B2 B-5 B-6 B2 B-5 B-4 B-a
Reactivity,% 0,67 1.05 0.56 1.13 1.08 1.05 1.57 1.29 1.22

Table III
Reactivity of Shim Rods (SR)

Reactivity, %

Rod : Experiment {Calculgtiog
: 20 assemblies,: 22 assemblies,:2) assemblies,}20 assemblies,
: Fig.9,c : Fig.9,e :Fige.9,8 Fig.9,c
SE I 1.11 0.81 0.81 1.15
SR II 1.13 1.53 1,82 1.15
SR III l.11 1,35 1.25 1.15
SR IV 1.05 0.77 0.71 1.15
Table IV

Effect Produced on Reactivity by Various Materials Placed
in Peripheral Vertical Channels (see Fig.9,g)

Channel conditions Reactivity variation,

% in channels
N22 and N23 :N24 and N5

Replacement of gas with water -0.,03 -0,08
Channel cladding (steel tube
69 mm dia., wall thickness 3 mm) +0.04 +0,18
BeO plug 62 mm dia +0.1 +0,58
Clugter of nickel rods in tight
packing +0,04
loading of 170 gr. of U-235 +0.23

) 320
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Table V

Effect Produced on Reactivity by Various Materials
Placed in Horizontal Channels

: Reactivity variation, %
:Channel separat-:Channel

Channel condition

ted from core by :immediately
:BeO layer T cm :adjoins to
¢+ thick :core
Be0 plug 62 mm dia., 300 m long +0.1 +0.43
Water plug 73 mm dia,, 260 mm long +0 .04 +0,22
Plug from lead discs 72 mm dia.,
8 mm thick with organic glass
spacers, total length 262 mm +0.] +0.43

Table VI

Distribution of U-235 Fission Density in Vertical Channels
at the Level of Core Centre (see Fig.9,g)

Channel N¢| 1 14,5,15}2,3,13} 12} 14 | 6 {9,10 sk7 Ql
Relative | 1 {0.11 {0.067 {0.057}0.045}0.034{0.030{0.027 0.0171}0.013
fission

densitz

Table VII
Stable-State Poisoning of the Reactor with Xenon-135

2K

Power ,MW:Number of : Average power, : Poisoning T~ %

:agsemblies : MW/1lit. :

:in core :Experiment :Calculation
4,1 20 167 2.03 2.00
28.0 28 818 3.77 3.55 a
33.7 28 985 369 3.70

320
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Fig.7, Temperature Effect of Reactivity
- A_p- variation of reactivity,%; & - water temperature,
Jite °C; I ~ heating of water in the main circuit; 2 =
' TTITITI heating of water in channel No.I; 3 - simultaneous
(1] N heating of water in the main circuit and in channel
I NEN No.I; 4 - simultaneous cooling of water in the main
circuit and channel No. I; 5 -~ sinultaneous heating of
N - vater in the main circuit and channel No. I with a
o ! smell volume of free 8a8 present in the main circuit
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Mg.6. Integral Reutron Spectrum Measured by
Threshold Indicators Pig.8. Variation of Thermal Load on the Surface of
E - neutron energy in Mev; I ~ spectrum in a Fuel Element versus Average Burnup of Uranium- 5
channel No. 4; 2 - spectrum in channel 235 in the Asgembly (without Be Inserts).
No. 193 3 - spectrum in channel No.6 q - the ratio of the thermal load on the given
fuel element to the average thermal load in the
assembly; x - average burnup of uranium-235,%;
I - end plate; 2 - gecond plate; 3 - third plate;
4 - fourth plate,
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Fig.9. Cartograms.
I - shim rod; 2 - replaceable BeO assemblies; 3 -~ fuel
assemblies; 4 - water; 5 - Be inserts; 6 - reflector;
320 7 - regulator rod.
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